Objective: In this paper, we investigated the effect of the traditional Chinese medicine Chaiqin Chengqi Decoction (CQCQD) on serum cytokines in acute pancreatitis (AP) patients. Methods: Peripheral blood samples from 107 AP patients were collected within the first 48 h of AP onset and on the 10th day of CQCQD treatment. Control samples were collected from 20 healthy individuals. Serum proinflammatory cytokines tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6), and anti-inflammatory cytokines IL-10 and IL-1β receptor antagonist (IL-1ra) were examined using the Luminex 100 system. Results: Within the first 48 h of AP onset, IL-6 and IL-1ra levels in severe AP (SAP) patients were significantly higher than those in mild AP (MAP) patients, but IL-10 levels in SAP patients were significantly lower than those in MAP patients. Proinflammatory cytokine IL-6 was significantly decreased after CQCQD treatment (P<0.05), especially in SAP patients (n=25 of 36, P<0.05). The hospitalization time of SAP patients was shortened significantly when serum IL-6 decreased after CQCQD treatment (P<0.05). Conclusions: CQCQD decreased proinflammatory cytokine IL-6 levels in AP patients.
Introduction
Acute pancreatitis (AP) is a common abdominal disease with increasing incidence in recent decades. The morbidity and mortality of AP are determined largely by the extent of the inflammatory response, which is mediated by a variety of proinflammatory cytokines (such as tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6)) and anti-inflammatory cytokines (such as IL-10 and the IL-1β receptor antagonist (IL-1ra)) (Norman, 1998) . AP may develop into life-threatening severe AP (SAP) if a systemic inflammatory response and distant organ complications occur. Previous studies have indicated that local proinflammatory mediators, such as IL-6, induce the systemic inflammatory response (Chen et al., 1999; Mayer et al., 2000) . Serum IL-6 is a specific and sensitive marker for distant organ complications of SAP (Chen et al., 1999; Pezzilli et al., 1999; Mayer et al., 2000) . Anti-inflammatory mediators, such as IL-10 and IL-1ra, are significantly higher in AP, and they could possibly reduce the severity of AP and AP-associated organ failure (Norman et al., 1995; Rongione et al., 1997; Frossard et al., 2001) .
Traditional Chinese medicine has been used successfully to treat AP in China. Previous studies in experimental animal models and patients with AP have indicated that traditional Chinese medicines (such as baicalin, emodin, and Qingyi decoction) inhibit pancreatic enzymes and inflammatory mediators (Gong et al., 2002; Xue et al., 2006; Zhang et al., 2008) . At the West China Hospital, Chaiqin Chengqi Decoction (CQCQD) has been used to treat AP and has shown a significant efficacy. After CQCQD treatment, the mortality rate of SAP is about 10% (Liu et al., 2004) . This rate is lower than that previously reported (Whitcomb, 2006) . In clinical applications, the efficacy of CQCQD has been proven; however, its mechanism of action remains unclear. In the present study, peripheral blood samples from AP patients were collected to examine cytokine levels. Relationships between cytokine levels, CQCQD treatment, and clinicopathological features of AP were examined.
Materials and methods
Peripheral blood samples from 107 AP patients were collected at two time points: within the first 48 h of AP onset and on the 10th day of CQCQD treatment. Peripheral blood samples from 20 healthy humans were collected as controls. The AP samples were divided into mild AP (MAP) (n=71) and severe AP (SAP) (n=36) according to the diagnostic criteria of the International Symposium of AP (Atlanta, USA, in 1992) (Bradley, 1993) and the guidelines for management of AP from the World Conference on Gastroenterology (Bangkok, Thailand, in 2002) (WCOG, 2002) . MAP has no functional impairment or local complication and responds well to supplementary fluid treatment. The severity scores for MAP were as follows: Ranson's score <3, acute physiology and chronic health evaluation II (APACHE II) score <8, or computed tomography (CT) grade A, B or C. SAP is characterized by at least one of the following: local complication of pancreatic necrosis, pseudocyst or infected pancreatic tissue, and/or functional impairment of other organs. The severity scores for SAP were as follows: Ranson's score ≥3, APACHE II score ≥8, or CT grade D or E.
AP patients were divided into the following four subgroups: gallstone, alcohol, fat diet, and idiopathic. Clinical features of the subgroups differed. The gallstone AP group presented with cholelithiasis or biliary dilation on gallbladder ultrasound. The alcohol AP group had a history of episodes of binge drinking. The fat diet AP group had a history of eating a profusely fat diet before their AP symptoms appeared.
Lastly, the idiopathic AP group included AP patients who had no identifiable underlying cause. MAP, SAP and control participants were on average (45.91±2.20), (50.63±5.15) and (51.33±12.01) years old, respectively. The mean hospitalization times for MAP and SAP patients were 18 and 26 d, respectively. All of the AP patients in this study have recovered. Peripheral blood samples were centrifuged to collect serum which was dispensed in 50 µl aliquots and stored at −20 °C before use. Clinicopathological information such as age, gender, patient history, hematological parameters, blood biochemistry analysis, and imaging results was collected. CQCQD was composed of Chaihu (bupleurum root) 15 g, Huangqin (baical skullcap root) 15 g, Houpu (magnolia bark) 12 g, Zhishi (immature orange fruit) 12 g, Shengdahuang (rhubarb) 20 g, and Mangxiao (Glauber's salt) 20 g. The composition was varied slightly according to an individual patient's conditions.
Concentrations of TNF-α, IL-6, IL-10, and IL-1ra were examined using LINCOplex, human cytokine/chemokine multiplex immunoassay kit (Missouri, USA Cat. No. HCYTO-60K-04, Kit ID No. HCYTO-53860/11806) and the Luminex 100 system (Austin, Texas, USA). The standard protocol for the process was followed. The concentrations of the four cytokines in each sample were calculated with a fiveparameter model using Master QT software (MiraiBio, Alameda, CA, USA). The relationships between cytokine level and CQCQD treatment or clinicopathological features were analyzed using SPSS 13.0 software, with P<0.05 considered to be statistically significant.
Results

Relationships between cytokine levels and clinical pathological features
In the present study, four cytokines in peripheral blood samples were examined at the same time using Luminex, a process that has better reproducibility and sensitivity than traditional enzyme-linked immunosorbent assay (ELISA) (Biagini et al., 2004) . The range of cytokine concentrations was from 10 to 10 500 pg/ml. The R 2 of each cytokine's standard curve reached 0.997. In samples that were collected within the first 48 h of AP onset and without CQCQD treatment, the relationships between cytokine levels and clinicopathological features were analyzed. The results showed that IL-6, IL-10 and IL-1ra levels were significantly higher in AP patients (P<0.05) than in healthy controls, and were correlated with the etiology and the severity of AP (P<0.05). No statistical differences in TNF-α were observed between AP patients and controls. The cytokine levels of different clinical etiological groups are shown in Table 1 . Paired comparisons of the four AP subgroups showed that IL-10 levels of the fat diet and alcohol groups were significantly higher than those of the gallstone and idiopathic groups (P<0.05). IL-1ra levels of the fat diet group were significantly higher than those of the gallstone and alcohol groups (P<0.05). IL-6 levels of the alcohol group were significantly higher than those of the gallstone group (P<0.05). IL-6 levels of the fat diet group were significantly lower than those of the idiopathic group (P<0.05). Lastly, IL-6 and IL-1ra levels in SAP patients were significantly higher than those in MAP patients, but IL-10 levels in SAP patients were significantly lower than those in MAP patients (P<0.05) (Fig. 1) .
Effect of CQCQD treatment on cytokine levels of peripheral blood samples from AP patients
IL-6 and IL-10 levels were significantly decreased in AP patients after CQCQD treatment (P<0.05). Other cytokines were not significantly altered. In MAP and SAP patients, CQCQD treatment decreased different cytokines; IL-6 and IL-10 levels in MAP patients were significantly decreased (P< 0.05, Fig. 2a) , and IL-6 and IL-1ra levels in SAP patients were significantly decreased (P<0.05, Fig. 2b ). TNF-α levels were significantly decreased following 10 d of treatment in SAP patients (n=25, (0.76± 0.33) pg/ml vs. (3.59±1.49) pg/ml, P<0.05) and MAP patients (n=50, (0.11±0.08) pg/ml vs. (9.20±4.29) pg/ml, P<0.05) with significantly decreased IL-6. 
Discussion
Previous studies have suggested that the proinflammatory cytokine IL-6 and anti-inflammatory cytokine IL-10 are sensitive markers for AP severity (Frossard et al., 2001; de Waele and Blot, 2007) . In our study, proinflammatory cytokine IL-6 and antiinflammatory cytokine IL-1ra were significantly higher in SAP patients than in MAP patients. This was consistent with previous reports (Hynninen et al., 1999; Mayer et al., 2000; de Waele and Blot, 2007) , which showed that IL-6 and IL-1ra concentrations in the serum of SAP patients were significantly higher than those in MAP patients. Those studies indicated that IL-6 and IL-1ra were early markers of the severity of AP, and that IL-6 could be the best prognostic parameter for late complications. The serum value of IL-6 in the early stages of AP could be a more valuable prognostic indicator than those of other interleukins. Regarding IL-10, our finding contradicts some previous reports. Pezzilli et al. (1997) and Mayer et al. (2000) had shown that IL-10 concentrations in SAP patients were significantly higher than those in MAP patients. However, an experimental AP study in mice suggested that high concentrations of IL-10 could predict a mild form of the disease (Gloor et al., 1998) . Several reasons for the discrepancy between the current findings and the past research are possible. First, cytokine concentrations in the present study were examined using the Luminex system. Using xMAP technology, the Luminex system can achieve higher sensitivity and accuracy (Biagini et al., 2004) than ELISA. Second, the patients in the present study were Chinese. Finally, our AP criteria were Atlanta (USA) and Thailand, which differed from the Balthazar criteria used by Pezzilli et al. (1997) . In our study, we found no difference in TNF-α concentration between AP patients and healthy controls. One possible reason is that TNF-α clearance was rapid, even though it played a pivotal role in SAP and acted early in the course of AP.
CQCQD, a traditional Chinese medicine, has been used to treat AP for thousands of years with marked therapeutic effects. In previous studies, CQCQD has been found to reduce the mortality of SAP in clinical treatment . The mortality rate of SAP patients treated with CQCQD was 9.64% (Huang et al., 2003) compared with 15.6% for those treated without CQCQD (National Associated Group for Acute Pancreatitis, 2006). CQCQD's mechanism of therapeutic action in AP results mainly from its active components. CQCQD is composed of Chaihu (bupleurum root), Huangqin (baical skullcap root), Houpu (magnolia bark), Zhishi (immature orange fruit), Shengdahuang (rhubarb) and Mangxiao (Glauber's salt). The key active extracts of CQCQD components may be saikosaponin, baicalin, magnolol, honokiol, flavones, hesperidin, and emodin. In previous experimental animal studies, these active extracts have been found to play a part in antiinflammation and in the induction of apoptosis through multiple pathways. These active components (such as saikosaponin, baicalin and emodin) might act by inhibiting nuclear factor kappa B (NF-κB), protein kinase C (PKC), or mitogen-activated protein kinase (MAPK) activation (Chao et al., 2010) , thereby down-regulating inflammatory molecules such as TNF-α, IL-6, monocyte chemotactic protein-1 (MCP-1), nitric oxide (NO), and inducible NO synthase (iNOS) (Munroe et al., 2007; Yang et al., 2008; Zhang et al., 2008; Kuo et al., 2010) and increasing the antiinflammatory cytokine IL-10 . Baicalin decreased plasma amylase, serum NO and TNF-α in a rat model of SAP . SAP was found to involve extensive acinar cell necrosis but little acinar cell apoptosis (Bhatia, 2004) . Experimental animal studies have shown that the induction of pancreatic acinar cell apoptosis protected mice against AP (Bhatia, 2004) . The active components of CQCQD might induce apoptosis through increased Fas ligand, Bax, and Bak (Gong et al., 2002; Pan et al., 2002; Hsu et al., 2004) . Furthermore, the active components could have therapeutic effects on AP by reducing the release of pancreatic enzymes , moderating cell necrosis, relieving the sphincter of Oddi spasms, protecting the intestinal mucosal barrier, and reducing other pathological damage to the pancreas (Yuan et al., 1997) . In summary, the active components of CQCQD might be therapeutic because they decrease inflammation, induce apoptosis, and relieve other pathological damage.
In the present study, our results indicated that CQCQD regulated serum cytokine levels, decreasing the inflammatory response of AP patients. The proinflammatory mediator IL-6 was significantly decreased in all AP patients after treatment, especially in SAP patients. This decrease was consistent with the results from experimental animals treated with the active components of CQCQD (Munroe et al., 2007; Yang et al., 2008; Zhang et al., 2008) . However, the results of the anti-inflammatory cytokines changed after CQCQD treatment, a finding that was not consistent with previous experimental animal studies . In our study, IL-10 levels in MAP patients and IL-1ra levels in SAP patients were significantly reduced by CQCQD treatment, whereas previous experimental animal studies had shown that anti-inflammatory IL-10 was increased by one active component of CQCQD . The previous studies used only single active components, which have simpler effects compared with CQCQD (Munroe et al., 2007; Yang et al., 2008; Zhang et al., 2008; Kuo et al., 2010) . Also, the previous studies were animal studies, whereas the current study used AP humans. The hospitalization time and TNF-α levels of SAP patients were decreased when serum IL-6 was significantly decreased by CQCQD. These results indicated that CQCQD might play a role in AP treatment by decreasing IL-6 levels. However, as we did not find that anti-inflammatory cytokine IL-10 and/or IL-1ra increased after CQCQD treatment, these results were contrary to our expectations. We had presumed that decreases in IL-10 or IL-1ra could result from decreased IL-6 (Steensberg et al., 2003) . Steensberg et al. (2003) showed that IL-6 enhanced plasma IL-1ra and IL-10 in humans.
In the present study, we found that serum cytokine levels were correlated with the etiology of AP. These results suggest that different causes of AP can result in different inflammatory responses. Moreover, the digestion enzymes amylase and lipase were significantly higher in the gallstone group, compared to the alcohol and fat diet groups (data not shown). These results indicate that gallstones might promote pancreatic digestive enzyme secretion, which could then cause more serious local inflammation. However, proinflammatory cytokine levels of the gallstone AP patients were not the highest. The results indicated that cytokine concentrations of peripheral blood did not directly respond to local pancreatic inflammation. In the study, we found that the mean hospitalization time of gallstone patients was 26 d. This was longer than the hospitalization time of 16 and 18 d, respectively, of the alcohol and idiopathic AP patients. The hospitalization time of the fat diet group was the longest in the study, whereas proinflammatory cytokine IL-6 levels in that group were not significantly higher than the levels in the other groups. These results indicated that gentle inflammatory responses might be harmful during recuperation from AP. The different etiology groups had different cytokine levels. As the same treatment had different effects, the present findings suggest that AP etiology should be considered when selecting different therapeutic methods in clinical practice.
In summary, AP is a pancreatic inflammatory response mediated by a variety of proinflammatory cytokines and anti-inflammatory cytokines. In our study, proinflammatory cytokine IL-6 and antiinflammatory cytokine IL-1ra were significantly higher in SAP patients, compared to MAP patients. CQCQD treatment decreased proinflammatory IL-6 levels in AP patients, especially in SAP patients, decreased the levels of anti-inflammatory IL-10 and IL-1ra in AP patients, and reduced the hospitalization time of SAP patients. CQCQD could be used selectively to treat SAP patients. The mechanisms underlying the therapeutic effect of CQCQD on AP patients, such as inducing apoptosis and relieving other pathological damage, should be considered in future research.
